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Summary. F r o m  the  seeds of safflower (Carthamus t inctor ius  Linn.), infected wi th  Fusa r ium oxysporum f. sp. car thami ,  
3 toxic  compounds  have  been isolated in quant i t ies  sufficient  to cause mycotoxicosis  on prolonged ingestion. 2 of these 
have  been ident i f ied as d iace toxysci rpenol  and T-2 toxin,  while the  th i rd  one has also been par t i a l ly  character ized as a 
12,13-epoxytr ichotheeene.  Addit ional ly ,  the  incidence of secondary  fusarial  infection of hea l thy  seeds due to contamin-  
a t ion wi th  the  infected ones has been repor ted  for the  first  t ime.  

Fusa r ium oxysporum Schl. f. c a r thami  Klisiewicz et  
Hous ton  was reported2,  3 as a causal  organism for the  
wil t  disease of safflower (Carthamus t inc tor ius  Linn.). 
The  occurrence of 2 12,13-epoxytr ichothecenes,  viz., 
d iace toxysc i rpenol  and T-2 toxin,  in the  cul ture  fluid of 
the  fungus was repor ted  recent ly  4. Also, the  toxic  symp-  
toms  in safflower af ter  the  na tu ra l  infect ion and those 
produced  upon adminis t ra t ion  of the  t r ichothecenes,  iso- 
la ted f rom the  cul ture  fi l trates,  were found5 to be v e r y  
similar.  These observat ions  p r o m p t e d  us to inves t iga te  
whe the r  the  toxins  are produced  in the  hos t  t issues af ter  
the  fungal  infection.  
W e  now repor t  the  isolat ion and charac te r iza t ion  of 3 
toxic  substances f rom the  seeds of safflower infected wi th  
F. oxysporum f. sp. c a r t hami  (IMI 166917). Addi t ional ly ,  
the  incidence of secondary  infect ion of hea l thy  seeds of 
safflower due to con tamina t ion  wi th  infected o n e s  has 
been reported.  
The  seeds were ha rves ted  f rom different  par t s  of Varanasi  
and Mirzapur  dis tr icts  of U t t a r  Pradesh  (India) dur ing 
March 1974. In  a typ ica l  exper iment ,  the  isolat ion of the  
tox ic  substances f rom the  infected seeds (100 g) was 
accomplished by  wate r  ex t rac t ion  of  the  seed-mycel ia l  
mix tu re  in a h igh  speed blender.  The  aqueous  f i l t ra te  
and the  wet  cake remain ing  af ter  f i l t ra t ion were repeat-  
edly  blender  ex t rac ted  wi th  chloroform. The combined  
chloroform e x t r a c t s  was processed in the  usual  w a y  ~ to 
give a yel low oil (0.112 g) t h a t  was biological ly ac t ive  6. 
P re l iminary  pur i f ica t ion  of the  oily substance was carried 
ou t  by  passing its e thy l  ace ta te  solut ion (10 ml) t h rough  
a co lumn of silica gel (BDH,  60-120 mesh, 1.8 x 2 2  cm) 
using e thy l  ace ta te -hexane  (1 : 1) as the  eluent.  Frac t ions  
(25 ml) were collected. The  first  2 fract ions were kep t  
aside since t h e y  exhib i ted  only  weak  biological  ac t iv i ty .  
The  concen t ra te  f rom fract ions 3-6, an oil, which was 
biological ly act ive,  showed 3 p r o m i n e n t  spots around 
Rf  0.4-0.7 on ana ly t ica l  TLC (silica gel G, E. Merck;  
CHCla-MeOH, 95:5). The  TLC plates  showed purple-  
v io le t  colours of va ry ing  intensi t ies  when  sprayed wi th  
p -d ime thy lamino  benza ldehyde  or p-anisa ldehyde in 
e thanol ic  hydrochlor ic  acid, and brown changing to Iead- 
grey spots w i t h  concen t ra ted  sulphuric  acid wi th  sub- 
sequen t  hea t  treatmer~t. The  colours developed were typ-  
ical of 12, 13-epoxytr ichothecenes .  A por t ion (50 rag) of 

the  oil f rom c h r o m a t o g r a p h y  (fractions 3-6) was dissolved 
in chloroform (2 ml) and subjec ted  to p repara t ive  layer  
c h r o m a t o g r a p h y  (PLC). 3 dull yel low bands  ( I - I I I )  ap- 
peared wi th in  the  above-ment ioned  1Rf-zone. These were 
cut  and eluted wi th  chloroform. The whole exper iment  
was repea ted  several  t imes  to collect  small  quant i t ies  of 
the  3 compounds  for spectral  analyses and the  biological 
test ing.  
The  band I (Rf ~ 0.4) afforded a g u m m y  residue (major  
component ,  7 mg /kg  seeds) which showed TLC and spec- 
t r a l  behav iour  ident ical  wi th  an  au then t ic  sample  of 
d iace toxysei rpenol  7. The  residue f rom band I I  (Rf ~ 0.5), 
a minor  component ,  showed a dull  v io le t  colour wi th  the  
p-anisa ldehyde reagent  and a b rown changing to grey  
spot  w i th  sulphuric  acid t r ea tment .  I t  exhib i ted  only  an 
end absorpt ion  in its u .v .  spectrum.  On ra t  skin dermal  
t ox ic i ty  tes t  6, reddish weals appeared when a 200 mcg  
dose of this substance was applied on the  shaved skin of 
albino rats.  These proper t ies  indicated i t  to be a member  
of the  12, 13-epoxytr ichotheeenes.  The  residue f rom band 
I I I  (Rf ~ 0.7), also an oil (3 mg/kg  of seeds), showed UV, 
I R  and mass spectra  which were indis t inguishable  f rom 
the  reference spectra  8 of T-2 toxin.  
On the  ra t  skin bioassay tes t  e wi th  the  to t a l  oil f rom the  
infected seeds, doses of 0.1, 0.2, and 0.4 mg  of the  sub- 
s tance were appl ied to  the  shaved skin of albino ra ts  
(80-120 g). 2 ra ts  were used a t  each dose level. Swollen 
reddish weals were observed on all  six rats  on the  second 
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d a y  wh ich  b e c a m e  progress ive ly  severe  in  case of dose 
0.4 m g  deve lop ing  in to  a h e a v y  scab  3 days  a f t e r  t he  
t r e a t m e n t .  Scab  h a d  also fo rmed  on t h e  o t h e r  4 rats .  
Whi le  t h e  0.4 m g  dose lef t  p i nk i s h  scars,  t he  spots  t r e a t e d  
w i t h  t h e  2 lower doses deve loped  smal l  t u f t s  of ha i r  w i t h  
t ime.  On inc reas ing  t he  dose of t h e  toxic  oil (1 mg), t h e  
an ima l s  died w i t h i n  5-6  days.  The  obse rved  level  of t ox ins  
( abou t  3-5  mcg /g  of seeds) w h e n  c o n s u m e d  t h r o u g h  t he  
ora l  r ou t e  m a y  no t  be  suff ic ient  to  cause  s y m p t o m s  of a 
mycotox icos i s  immed i a t e l y ,  b u t  p ro longed  inges t ion  m a y  
be  f a t a l  9 and  is, therefore ,  cause  for a la rm.  
A n o t h e r  i m p o r t a n t  o b s e r v a t i o n  m a d e  d u r i n g  th i s  s t u d y  
is t he  inc idence  of s econda ry  in fec t ion  of saff lower  seeds 
b y  c o n t a m i n a t i o n  w i t h  the  in fec ted  ones. Surface-s ter i l -  
ized (0.1% aq. HgC12) h e a l t h y  seeds of saff lower  were 
k e p t  on  t he  funga l  co lony  on  a P D A  m ed i um .  On t h e  
second day,  t he  seeds were r e m o v e d  a n d  d iv ided  in to  2 
par t s .  One p a r t  was  k e p t  w i t h  an  equa l  n u m b e r  of h e a l t h y  
seeds in asept ic  condi t ions ,  a t  21~ for 30 days.  The  
spores  a n d  myce l ia  f rom t h e  second p a r t  were r e m o v e d  
b y  successive wash i ng  w i t h  mercur i c  chlor ide  so lu t ion  and  
ster i le  dis t i l led water .  These  were t h e n  k e p t  w i t h  a n  equa l  
n u m b e r  of h e a l t h y  seeds as descr ibed  above .  Af te r  in-  
c u b a t i o n  for 30 days,  t he  seeds were t r a n s f e r r e d  asep-  

t i ca l ly  on  s ter i l ized P D A  p la tes  a n d  t he  l a t t e r  were in-  
c u b a t e d  a t  21~ W i t h i n  72 h, t he  fungus  a p p e a r e d  on  
all  seeds a n d  fo rmed  colonies a r o u n d  them.  The  presence  
of t h e  fungus  inside a n d  outs ide  the  seeds was also t e s t ed  
b y  the  b l o t t e r  t e c h n i q u e  1~ These  resu l t s  would  seem to  
i nd ica t e  t h a t  t he  seeds wh ich  ca r ry  spores  on  t h e i r  surface  
and  those  bea r ing  m y c e l i u m  on t h e i r  p a r e n c h y m a t o u s  
t i ssues  can  b o t h  serve as sources  of t he  inocu lum.  Con- 
sequent ly ,  t he  fungus  is capab le  of in fec t ing  n o t  on ly  
i m m a t u r e  seeds in field condi t ions ,  i t  can  also p e n e t r a t e  
t he  h a r d  core of m a t u r e  seeds d u r i n g  h a r v e s t  a n d  s torage.  
F u s a r i u m ,  wh ich  was r ega rded  as one a m o n g  wel l -known 
'f ield fungi  ' n ,  ha s  t h u s  been  found,  for  t he  f i rs t  t ime,  to  
i n v a d e  seeds even  d u r i n g  s torage.  In  t rop ica l  count r ies ,  
where  w a r m  and  mo i s t  c l imates  prevai l ,  t h e  inc idence  of 
s e c o n d a r y  in fec t ion  of seeds could be  v e r y  h igh  and,  
therefore ,  would  invo lve  h i g h  tox in  r i sk  in m a n  a n d  
animals .  
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Summary. The  abso lu t e  con f igu ra t i on  of a nove l  ch i ra l  neuro lep t i c  a g e n t  SU 23397 (I) was  d e t e r m i n e d  b y  O R D  com- 
pa r i son  of ( + ) - 5 - m e t h o x y  d i h y d r o  coumar i l i c  acid (VIII ) ,  a s y n t h e t i c  p recursor  of SU 23397 (I), w i t h  ( + ) - d i h y d r o  
coumar i l i c  acid,  whose  abso lu te  con f igu ra t i on  is k n o w n  ~. Th i s  a s s i g n m e n t  was  conf i rmed  b y  ox ida t ive  d e g r a d a t i o n  
of ( + ) - 5 - m e t h o x y  d i hyd r o  coumar i l i c  acid V I I I  to  D - ( + ) - m a l i c  acid. 

The  a n t i p s y c h o t i c  a c t i v i t y  of a nove l  ch i ra l  neuro lep t i c  
agent ,  SU 23397 (I) was  r ecen t l y  descr ibed  b y  2 cl inical  
g roups  a,t. I t  h a s  been  p rev ious ly  r e p o r t e d  w i t h  o t h e r  
p o t e n t  neu ro lep t i c  agents ,  e.g. oc toc lo thep in  5 a n d  b u t a -  
c lamol  s, t h a t  on ly  one e n a n t i o m e r  of t he  r acemic  d rug  is 
ac t ive .  SU 23397 (I) is t he  neu ro l ep t i ca l ly  ac t ive  (-)-  
e n a n t i o m e r  of such  a r acemic  d rug  (II).  W e  now  descr ibe  
t h e  d e t e r m i n a t i o n  of t h e  abso lu te  con f igu ra t ion  of 
SU 23397 (I) b y  b o t h  a chiro  op t ica l  m e t h o d  and  b y  de-  
g r a d a t i o n  to a f r a g m e n t  of k n o w n  abso lu t e  conf igura t ion .  
SU 23397 (I) was  or ig ina l ly  prepare~d b y  H u e b n e r  b y  re-  
so lu t ion  v ia  t he  N - a c e t y M - p h e n y l  a l an ine  sa l t  of t he  
r a c e m a t e  I I  ~. The  r a c e m a t e  I I  was  p r e p a r e d  b y  a l k y l a t i o n  
of t he  commerc i a l l y  ava i l ab le  (Aldr ich Chemica l  Co.) 
t r i a za sp i rodeeanone  ( I I I )  w i t h  t he  b r o m o  d i h y d r o  benzo-  
f u r a n  I V  7 (scheme 1). T he  b r o m o d i h y d r o  b e n z o f u r a n  I V  
was p r e p a r e d  b y  r eac t ion  of 2 -a l ly l -4 -me thoxy  phenol ,  
o b t a i n e d  f rom a Claisen r e a r r a n g e m e n t ,  w i t h  b r o m i n e  in 
t he  presence  of a base.  Th i s  c o m p o u n d  I V  is also ava i l ab le  
commerc i a l l y  (Alfred B a d e r  Chemicals) .  
I n  o rder  to  p rov ide  a more  ef f ic ient  syn thes i s  of SU 
23397 (I), i t  was  necessa ry  to  i n t roduce  t he  ch i r a l i t y  
ear l ier  in  t he  s y n t h e t i c  scheme a n d  v ia  a n  i n t e r m e d i a t e  
wh ich  could be  ep imer ized  a n d  t h u s  be  recycled.  ( :~)-5-  
m e t h o x y  d i h y d r o  coumar i l i c  acid V I I  was  such  a n  in te r -  
med ia te .  D i h y d r o  coumar i l i c  acid h a d  been  resolved  v ia  
i t s  a m p h e t a m i n e  sa l t s  s a n d  t he  abso lu te  con f igu ra t i on  of 
t h e  e n a n t i o m e r s  d e t e r m i n e d 9  ( •  coumar i l i c  
acid (VI), m.p.  211-213~ was syn thes i zed  b y  t h e  pro-  

cedure  of T a n a k a  1~ a n d  reduced  in 91% yield  b y  sod ium 
a m a l g a m  in  d i lu te  aqueous  base  s to  t he  p rev ious ly  un-  
descr ibed  ( 4 - ) - 5 - m e t h o x y  d ihyd ro  coumar i l i c  acid (VII) ,  
m.p.  99-102~ (ex benzene) .  Th i s  acid V I I  was  resolved  
v ia  i ts a m p h e t a m i n e  sa l ts  as was  done  for  t he  u n s u b -  
s t i t u t e d  acid s. The  sa l t  o b t a i n e d  w i t h  1 -amphe tamine ,  
m.p.  159-162 ~ (ex acetone) ,  y ie lded t h e  ( + ) - 5 - m e t h o x y  
d i h y d r o  coumar i l ic  acid (VII I )  [m.p. 81 -83~  (ex ben -  
zene /pe t  e the r ) ;  [~)5 + 37 ~ (CHC13)] on  t r e a t m e n t  
w i t h  cold 6N HC1. This  acid V I I I  was  reduced ,  b y  1 h 
re f lux  in T H F  w i t h  excess LiA1Ha, to  t he  ca rb ino l  I X  
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